The aim of this study was to evaluate a brief team training program in relation to teams' observed nontechnical skills (NTSs) in surgery, teams' perceptions of safety culture, and the training implementation. We used mixed methods to analyze structured observations of 179 surgeries, semistructured interviews with surgical team members from four selected surgical specialties, and a survey. There were significant (P < .001) improvements in surgical teams' observed NTSs and in the use of the World Health Organization's Surgical Safety Checklist after participation in the training program. Nonsignificant results included increased perceived safety climate and decreased perceived teamwork climate. From participant interviews, we identified that production pressure and time constraints were the biggest barriers to implementation and the greatest enabler was the organization's support for staff education initiatives. Most participants perceived the content of the program to be useful. These results highlight the complexities inherent in the development and evaluation of interdisciplinary patient safety interventions. AORN J 106 (December 2017) 513-522. ª AORN, Inc, 2017. https://
T he OR is a high-risk environment [1] [2] [3] [4] where approximately 41% of in-hospital adverse events occur, 50% of which are considered avoidable. 1 Miscommunication and poor teamwork associated with dysfunctional relationships between professional groups may contribute to errors in the OR. 5, 6 Analyses of errors that occur in surgery have highlighted the importance of interactions between team members and, specifically, their nontechnical skills (NTSs) in relating to and communicating with one another. Nontechnical skills are defined in relation to interpersonal (eg, teamwork, communication), cognitive (eg, decision making, situation awareness), and personal resources (eg, coping with stress and fatigue) skills. 7, 8 In this article, we present an evaluation of a brief team training program relative to observed team performance (ie, NTSs), perceptions of team safety climate, and participants' reflections on its implementation.
observed NTSs and team members' perceptions of teamwork and safety climates; and to undertake a process evaluation to assess program participants' reflections after participation in the training program relative to feasibility, acceptability, fidelity, and transferability of TEAMANATOMY.
RESEARCH QUESTIONS
The following research questions addressed the outcome evaluation after implementing the TEAMANATOMY program:
To what extent did the brief team training program improve team members' observed NTSs across surgical specialties? To what extent did the team training program improve surgical teams' observed use of the World Health Organization (WHO) Surgical Safety Checklist? 9 To what extent did the team training program improve team members' perceptions of the teamwork and safety climates?
The research question that addressed the process evaluation was What were the perceived barriers and enablers of feasibility, acceptability, fidelity, and transferability during program implementation?
SIGNIFICANCE TO NURSING
In many health care facilities, health care personnel have implemented team training interventions to address the need for improvement in teams' NTSs. 10, 11 Typical evaluation of such programs, however, is limited to assessing participants' experience relative to methods of delivery or teaching. Few team training interventions have been systematically evaluated relative to process and outcome measures. Moreover, many clinical interventions fail to translate into meaningful outcomes. 12 Evaluating complex interventions using outcome and process measures that assess the extent to which implementation is effective helps to optimize and translate the intervention into clinical practice.
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LITERATURE REVIEW
Effective teamwork, which is demonstrated by clear communication, consistency in workflow processes, and clinicians' familiarity with each other, can increase patient safety. 13, 14 The link between teamwork and safety was first identified in civil aviation, where the principles of Crew Resource Management (CRM) training were widely credited for improving the safety of flying. 7 Parallels between aviation and surgery have led to the use of CRM principles as a means of improving safety and reliability in the OR. 8 Transferring CRM principles to surgery is one way to enhance surgical teams' NTSs.
Professional organizations in Australia, 15, 16 the United States, 17 and the United Kingdom 18 recommend that staff members participate in communication training. This training could involve programs based on CRM principles, which are designed to develop NTSs in undergraduate curricula and hospital-based skills programs. These recommendations fall short, however, in providing guidance on how health care personnel may implement these training programs as part of nursing and medical curricula, or how they may introduce team training as part of OR orientation. Consequently, if health care personnel do not implement these programs, the novice learner has limited knowledge of the basic concepts that underpin CRM training and NTS performance.
Although teamwork training using simulation is considered useful in improving NTSs, 19 there are barriers to its implementation in large perioperative departments. The notable challenges with adopting hospital-based NTS training programs in the OR department include limited viability given the need to meet surgical targets (ie, production pressure); engaging participants in the delivery of training programs using innovative methods; realizing demonstrable differences in teamwork behaviors, which may indirectly affect performance efficiencies; and scheduling the training, which requires considerable investment in time and effort to ensure interdisciplinary representation.
7,10
CONCEPTUAL FRAMEWORK
Surgical team training using CRM principles targets the components of NTSs (eg, communication and teamwork, task management, leadership, situational awareness [SA]), which lead to the optimal use of team and environmental resources. 7 Focusing on NTSs through CRM training aims to increase team members' understanding of how certain situations may culminate in unsafe practices and provides tools and training for responding to demanding and often complex situations. 8 In this study, we developed a brief program based on CRM principles; it centered on building SA and teamwork behaviors and included two complex but common scenarios for using the WHO Surgical Safety Checklist. The goal was to increase team members' knowledge, understanding, and awareness of the environmental factors that erode SA in surgery and to provide behavioral exemplars from credible sources.
METHODS
We used the United Kingdom's Medical Research Council guidance 12 when designing this evaluation. Figure 1 illustrates the stages of evaluation relative to data collection and analysis. In undertaking the process and outcome evaluation, we used a mixed-methods design in two phases, incorporating quantitative and qualitative approaches. The quantitative phase included structured observations and a self-report survey. The qualitative phase involved semistructured interviews. The purpose of the quantitative phase was to evaluate before-andafter changes in team processes (ie, NTS performance and use of the Surgical Safety Checklist) and perceptions of teamwork and safety climates (ie, outcome evaluation). The objective of the qualitative phase was to describe the team training program participants' perceptions of the usefulness of the training intervention and perceived barriers and enablers to participating in this short program (ie, process evaluation).
Setting and Sample
The study setting was a 780-bed quaternary hospital in Queensland, Australia, that offers a wide range of adult surgical specialties. Surgical personnel in the 21 main OR departments perform approximately 20,000 surgeries annually. We selected surgical team members, including nurses (scrub persons, RN circulators, anesthesia nurses), anesthesia care providers, and surgeons, based on their willingness to be observed and participate in a brief team training program. We selected participants from the cardiac, hepatobiliary, upper gastrointestinal, and vascular specialties. We invited staff members who worked regularly (ie, weekly or every two weeks for at least three months) in each surgical team to complete a survey and participate in a short interview about their experiences with the team training program.
Ethics
The ethics committees of the hospital and university provided institutional approval. During the consent process, we gave participants information about the study and advised that they could withdraw at any time. Participants signed a consent form for the observations and interviews. Consent for the survey was assumed when participants returned a completed survey form.
TEAMANATOMY NTS Training Intervention
The team training program, TEAMANATOMY, was the result of a collaboration between patient safety researchers with expertise in human factors and observational research, clinical experts (ie, senior nurses and physicians from surgery and anesthesia), and a psychologist with expertise in team building. We developed the evidence-based TEAMANATOMY program with input from stakeholders (ie, surgeons, anesthesia care providers, nurses) and the OR department of the hospital in which it was implemented. The program had not been previously used elsewhere. We based the program content on two SA theories: individual SA as described by Endsley 20 and shared SA as described by Wright and Endsley. 21 Endsley 20 proposed three distinct levels of individual SA: perception, understanding, and comprehension. Although individual SA is critical to the performance of individuals, shared SA extends to team members' appreciation of the roles, tasks, and common perspectives and goals of others on the team. 21 We implemented TEAMANATOMY in mid-2015. Participation involved viewing a three-part 60-minute DVD, which included the following content:
introduction to the aims and structure of the training program, SA theories using individual and distributed approaches, and two filmed simulations illustrating environmental factors that affect team members' SA when using the WHO Surgical Safety Checklist.
Although it was a brief intervention, we considered TEAMANATOMY to be complex because it required the cooperation of many stakeholders at various levels in the organization during development and implementation. Intervention complexity is not characterized by the number of components in the intervention itself. Rather, it encompasses the interactions between components, the difficulty of behaviors by those delivering and receiving the intervention, and the degree of flexibility in tailoring that is allowed. 12 
Measures and Data Collection
The three methods of data collection included structured observations, a survey, and semistructured interviews. Structured observations included combined team (ie, cardiac, hepatobiliary, upper gastrointestinal, vascular) NTSs, which we measured using the revised Non-Technical Skills Scale (NOTECHS), which has 22 or 23 items. 22 The NOTECHS examines NTS behavior in five domains: communication and interaction, situation awareness, team skills, leadership and management skills, and decision making. Descriptors for NTS domains are detailed elsewhere. 23, 24 The NOTECHS contains a 6-point rating scale for each domain (1 meaning not done to 6 meaning done very well). In this study, we summed scores of 1 to 6 for each domain to calculate the individual's total NOTECHS score, which could range from 5 to 30. We calculated each team's total score by averaging the sum of individual team members' NOTECHS scores. Total scores (ranging from 1 to 23) were standardized by the total number of items because we considered each role and domain to be equally weighted. Higher scores indicated a better overall performance.
Structured observations of each team occurred weekly for 25 weeks before and 20 weeks after implementation of the team training program. Each observation time point included three to four combined observations that were based on the average scores for each individual role, which included surgeon consultants (ie, attending surgeons) or registrars (ie, surgical residents); anesthetic consultants or registrars; and scrub persons, RN circulators, or anesthetic nurses. We collected beforeand-after procedure-related data with respect to operative time (minutes) and the use of the WHO Surgical Safety Checklist (ie, sign in, time out, sign out) during the observation period. An experienced perioperative nurse, trained in observational research methods and human factors, performed all observations. During surgery, the research nurse was unobtrusively positioned with all team members and doors in view. To ensure rigor, we performed interrater checks on 10% of the surgeries observed in each before-and-after period.
Surveys
We measured perceived teamwork and safety climates using the Teamwork and Safety Climate Survey (TSCS). 25, 26 The 27-item survey is a shortened version of the Safety Attitudes Questionnaire, and measures the teamwork climate and the safety climate. The TSCS has a 5-point Likert scale with response options ranging from 1 meaning disagree strongly to 5 meaning agree strongly. We reverse-scored negatively worded items, and higher scores in each factor indicated better team climate and safety climate (range 0 to 100). As part of the full Safety Attitudes Questionnaire, the TSCS has been psychometrically tested and validated widely and has acceptable test-retest reliability (a ¼ 0.92). [27] [28] [29] We administered the self-report tool before and after participation in TEAMANATOMY, after each period of observations. We collected survey data in 2013 and 2015.
Qualitative interviews
We interviewed participants four months after the team training intervention, either individually or in a small group, depending on their availability. Interview questions included the following:
What components of the team training program did not work or worked well? What were the main messages of the program for you? What would you do differently as a result of the training?
We conducted interviews in early 2016, and we audiotaped and transcribed the semistructured interviews verbatim. Interviews occurred away from the work area. We determined the number of interviews to conduct by the point at which data saturation occurred.
Data Analysis
We entered observational and survey data (quantitative data) into SPSS Statistics version 22 and cleaned and checked for accuracy. We used descriptive statistics (ie, frequencies, means, standard deviations [SDs]) to represent results on relative operative time, team NOTECHS scores, and teamwork and safety climate scores. The type of statistics we used depended on the level of data (ie, categorical or continuous), sample size, and distribution of the data. We computed internal consistency of the TSCS using the Cronbach alpha. We used paired t tests and chi-square tests for inferential analyses to ascertain before-and-after differences in team NOTECHS scores and WHO checklist compliance, respectively. We set the significance level at P < .05.
We analyzed textual data from interviews (qualitative data) using inductive content analysis. 30 First, we open-coded written text in each transcript and used single words or short phrases to categorize data according to participants' perceptions of the barriers and enablers for implementing the TEAMANATOMY program. Next, we developed matrices to summarize the main ideas to help us compare perceptions across surgical teams and locate patterns. We grouped similar ideas together to form categories and definitions to ensure consistency and supplement the audit trail. Finally, members of the research team ensured consensus by cross-checking categories. We reached data saturation at the point of analysis when no new ideas emerged.
Rigor
We considered trustworthiness relative to credibility, auditability, triangulation, and transferability. 31, 32 We ensured the credibility of the qualitative data by taking the preliminary findings back to participants for clarification and confirmation. During the implementation of TEAMANATOMY, we recorded memos, field notes, and contact summaries as part of an audit trail. We achieved triangulation through use of quantitative and qualitative methods, which allowed us to cross-check and verify emergent issues and observations. We purposefully selected a variety of program participants based on disciplines, years of experience, and work roles, so there may be some transference of findings across similar types of health care organizations.
FINDINGS
Before and after implementing the training program, we observed several individuals during a total of 179 surgeries (99 before, 80 after) across cardiac, hepatobiliary, upper gastrointestinal, and vascular teams. Individual team members' NOTECHS scores were based on 679 observations (before, n ¼ 362; after, n ¼ 317). The average operative time was 29.5 minutes (SD ¼ 17.5 minutes) during the before phase and 28.5 minutes (SD ¼ 17.4 minutes) during the after phase. We distributed the before-and-after TSCS and the TEAMANATOMY DVDs to 30 participants (who we observed during both periods) among the four surgical teams, including nurses and physicians. Of those participants, 20 (67%) viewed the DVD. Survey response rates before and after implementation were 73% and 43.3%, respectively.
There were significant NTS improvements across all teams, as illustrated in Figure 2 (total NOTECHS score across all teams: t 705 ¼ 11.97, P < .001). Table 1 shows improvements in the observed use of the WHO Surgical Safety Checklist. The time out and sign out improvements were significant (P < .001). There were no improvements in perceived teamwork across the sample, but there was a nonsignificant increase in perceived safety climate (Table 2) . Cronbach a across both teamwork and safety climate factors ranged from 0.60 to 0.85.
An a lower than 0.70 is considered unacceptable. 33 Figure 2. Before-and-after total NOTECHS scores for each team and combined total scores (P < .001). Error bars represent 95% confidence intervals. NOTECHS ¼ Non-Technical Skills Scale; NTS ¼ nontechnical skill.
Semistructured Interviews
In the qualitative phase, we conducted 14 interviews with 17 staff members from the four specialties who we observed and who had participated in the TEAMANATOMY training. The clinicians interviewed included 13 nurses and 4 surgeons; of these, 10 (58.8%) were female. The participants' average age was 44.3 years (SD ¼ 12.5 years, range ¼ 24 to 66 years) and their average years of clinical experience was 17.9 years (SD ¼ 9.4 years, range ¼ 4 to 33 years). The interviews lasted 10 to 25 minutes. Table 3 shows participants' perspectives on the feasibility, acceptability, transferability, and fidelity of the implementation of the training program derived through the interviews.
Perceptions of the TEAMANATOMY Intervention
The most notable barriers to the feasibility of implementing the NTS training program were production pressure and time constraints; an important enabler was the support given by the organization for education. Some participants considered the DVD to be too long, which was a barrier to acceptability. Despite this, participants believed that the messages conveyed in the program content were useful to their practice. The biggest threat to fidelity was the lack of allocated time to view the DVD in its entirety, which forced participants to skip sections or view it over several sittings. To improve fidelity and consistency in program delivery, participants suggested that the program would be best delivered as a face-to-face teambased activity, increasing consistency and participant involvement. The transferability of the program across various situations and specialties was limited to the types of situations in the vignettes (ie, participants' ability to apply the content across situations dependent on their level of experience and clinical exposure). Most participants agreed that the program highlighted the important role of individual and shared SA in identifying and managing risk.
DISCUSSION
We aimed to undertake a process and outcome evaluation of a brief team training intervention, assessing its implementation and the performance of four surgical teams at a large quaternary hospital. The observational results suggest associated improvements across all teams in respect to their overall NTS behaviors and the use of the WHO Surgical Safety Checklist, which the team training intervention specifically targeted. These results are encouraging, and support other similar studies. 7, 10, 11 Improving teamwork requires strategies that ultimately decrease the variability in teamwork processes, 24 such as patient check in and time out. The improvements observed in teams' use of the WHO Surgical Safety Checklist were encouraging. Standardizing work processes related to using the checklist improves reliability and safety in surgery. 2, 34, 35 The simulations featured in the DVD focused on NTS processes at two crucial points of care: patient check in and time out. The TEAMANATOMY program did not itself change teamwork behavior; rather, it challenged participants to think differently about risk and error and anticipate possible risks in daily clinical practice, defined by omnipresent production pressures. These everyday activities captured in the two video simulations are practices considered by many clinicians as routine. Environmental factors such as background noise, interruptions or distractions, cross conversations, and workflow influence team performance and therefore need to be managed. 13, 36, 37 In this study, Cronbach a for the safety climate scale in the TSCS was suboptimal, indicating that the participants did not "Well you could probably do it in a public hospital. I would upgrade slightly differently and go to either the College of Nursing or the universities where they're taught or the College of Surgeons with a pilot." (Surgeon 4) "I think for junior staff, before they embark in theater, particularly the scenarios would be really useful, of how not to behave when you're in theater." (RN 10) "I would have really appreciated watching [the DVD] before I started my grad cert, because it would have given me a better understanding of situational awareness . so it is a very useful learning tool." (RN 11) respond to the survey items in the same way, and thus these results must be interpreted with caution. Although team members' perceptions of safety climate increased marginally, there was a paradoxical decrease in their perceptions of teamwork climate. The result, albeit nonsignificant, runs counter to the observed improvements in teamwork behaviors. In terms of contrary results, McCulloch et al 7 observed similar differences between observed behaviors and team members' perception of team climate. In that observational study, surgical teams performing laparoscopic cholecystectomy showed improvements in their NTS performance, but their attitudes toward teamwork climate remained unchanged. During the second period of evaluation in our study, the organization had implemented hospitalwide digitalization (ie, moving all paper-based patient records and documents to an electronic system). This transition to digitalization substantially changed perioperative staff members' work processes around information access and documentation, and we perceived this to be a stressful period. This may have had an effect on our findings.
Implications for Implementation and Sustainability
In consultation with our hospital partners, we developed a training program targeting SA. The TEAMANATOMY training emphasized two components of SA: environmental and patient factors, and information and data sharing. Interview participants generally found the program content useful because it required them to consider risk and error for professional, task, and environmental factors. Clinical application using everyday scenarios that were familiar to participants reinforced the ways in which professional, task, and environmental factors potentially erode individual and shared SA.
A major limitation to feasibility and acceptability was the time commitment required to watch the hour-long DVD. Some participants did not have the time to view it in its entirety and skipped parts of it. This variability in participation affected implementation fidelity. Although the brevity of the training program made it a feasible option, participants perceived not having dedicated time to view the DVD during work hours to be a major barrier. A shortened section describing SA theories would have better met the needs of the clinical audience. Additionally, including the program as part of professional development (ie, offering contact hours for completing the program) could provide an incentive to complete the program. The sustainability and ongoing use of the TEAMANATOMY program depends on tailoring this current program based on participants' feedback.
Limitations and Strengths
We acknowledge several study limitations. First, this study was conducted at a single hospital site with Magnet accreditation. Therefore, this site may in some ways be different from other public hospitals in the region. Second, we used a convenience sample of staff members who volunteered to participate in the team training program. As such, our results cannot be generalized beyond the sample from which they were drawn. Third, the lack of a comparison group limits the extent to which we can generalize results of the outcomes evaluation. We considered having a control group, but this would have given rise to group contamination. Fourth, during the observation phase, it is possible that the Hawthorne effect affected team behaviors. Nonetheless, the prolonged presence of the observer and the teams' familiarity with her presence likely negated this, a notion supported in previous research in this field. 6, 10, 38 Fifth, not all participants completed the training; however, interview findings provided reasons for what worked well and why, and we will use this feedback to inform the future development of this training program.
A strength of this study lies in its triangulated approach to evaluate the program and its implementation. This enabled us to cross-check study findings from several sources. Finally, another major strength is the longitudinal design of this study, which is needed when examining changes in team processes over time.
CONCLUSION
The results of the evaluation of this training program show that teamwork training based on CRM principles may enhance some aspects of NTSs and attitude toward risk and error. This study highlights several areas of complexity and challenges in the development and evaluation of interdisciplinary patient safety interventions, however. First, interventions are deceptively complex and need to be balanced regarding the right amount of theory and practical application. Second, the success of any intervention depends on the context, the characteristics of those involved, and the implementation strategies. Finally, however important safety may be in theory, there will always be inherent tensions among priorities that focus on clinical education versus other broader imperatives, such as hospital digitalization. Thus, during intervention development, a pragmatic consideration is to establish what hospital leaders can do and spend to support its implementation.
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